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FINE PARTICLE SEPARATION TREATMENT SYSTEM AND CYCLONE 

SEPARATOR 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to a fine particle 
separation treatment system for obtaining high purity fine 
particles and a solution by eliminating impurities therefrom, 
and a cyclone separator. 

2 . Description of the Related Art 

Specified fine particles contained in a solution are 
separated by filtration from the solution in the production 
processes of pharmaceuticals , chemicals , semiconductors and 
functional materials. On the other hand, a machining object 
is machined by supplying a cutting liquid from a feed tank, 
and the cutting liquid containing fine powder as machining 
refuse is supplied to a filter device to remove the 
machining refuse with a filter device for circulating the 
cutting liquid to the feed tank (for example, Japanese 
Unexamined Patent Application Publication No. 2001-137743). 

However, impurities in the tank and pipe-lines adhere 
to the fine particles in the treatment passageway when the 
specified fine particles contained in the oil are recovered 
by filtration, or when the machining refuse is removed from 
the cutting liquid by filtration. Accordingly, obtaining a 
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desired purity of a solution of fine particles and cutting 
liquid presents some technical restrictions. While it is 
possible to improve the purity by combining the filter 
device with an ion-exchange apparatus, the structure of the 
system becomes complex increasing the processing cost. 

SUMMARY OF THE INVENTION 

Accordingly, it is an object of the invention based on 
the situations above to provide a fine particle separation 
treatment system having a simple structure and capable of 
obtaining high purity fine particles and solutions with a 
low processing cost, and a cyclone separator used for the 
purpose . 

The present invention for solving the above problems 
and for attaining the above objects is constructed as 
follows . 

In a first aspect, the present invention provides a 
fine particle separation treatment system comprising: a 
storage tank for storing a solution; a solution-circulating 
passageway for circulating the solution in the storage tank, 
and a cyclone separator disposed in the solution-circulating 
passageway for separating fine particles in the solution. 
The cyclone separator comprises : an inlet passageway 
communicating with a solution outlet side of the storage 
tank; a flow-out passageway communicating with a solution 
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outlet side of the storage tank; a cyclone portion for 
generating an eddy flow at a given flow rate by feeding a 
fine particle-containing solution from the inlet passageway, 
transferring the fine particles to the outer side by a 
centrifugal force to issue the solution after separating the 
fine particles from the flow-out passageway, and 
precipitating the separated fine particles by decelerating 
the eddy flow; and a particle trap box for trapping the 
precipitated fine particles in the cyclone portion through a 
communication hole. An electrode rod is dispose at the 
center of the particle trap box, and the fine particles are 
electrically separated by applying a potential between the 
electrode rod and an electrode of the particle trap box. 

According to the construction above, impurity ions in 
the solution, which migrate by electrophoresis due to an 
electric field, adhere to the electrode rod or on the 
electrode of the particle trap box to lessen the amount of 
adhesion of the ions on the surface of the fine particles. 
Accordingly, high purity fine particles or a solution can be 
obtained with a low treatment cost using a system having a 
simple structure. 

Preferably, the fine particles are electrically 
separated by charging the electrode rod with the same 
electric charge as that of the fine particles, and by 
charging the electrode of the particle trap box with an 
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electric charge opposed to that of the fine particles. This 
construction also affords the same effect as described above. 

Preferably, the solution-circulation passageway further 
comprises various devices that are operated or work using 
the solution, particularly a high purity solution. 

Preferably, the upper end of the electrode rod is 
elongated to the lower part of the cyclone portion. The 
fine particles distributed from the lower part of the 
cyclone portion having a slow solution flow rate to the 
particle trap box are transferred from the center to the 
outer side. Consequently, the fine particles adhere to the 
lower part of the cyclone portion and the particle trap box 
preventing the fine particles from being scattered. 
Accordingly, the fine particles can be efficiently trapped 
in the particle trap box. 

Preferably, a conical electrode is provided at the 
upper end of the electrode rod, and this conical electrode 
is positioned so as to abut the communication hole so that 
the fine particles precipitated in the particle trap box are 
prevented from floating from the lower part of the cyclone 
portion where the solution flows slowly. 

Preferably, the cyclone portion comprises a cylinder 
part positioned at the upper part of the cyclone portion and 
a downwardly tapered portion connected to the cylinder part, 
and the length of the electrode bar is larger than the 
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diameter of the cylinder part. Consequently, the electrode 
bar is able to provide a large electric charge to the fine 
particles allowing the fine particles to be transferred into 
the particle trap box from the lower part of the cyclone 
portion while preventing the fine particles from being 
scattered. Accordingly, the fine particles are efficiently 
trapped in the particle trap box. 

Preferably, the distance between the electrode of the 
particle trap box and the electrode rod is larger than the 
diameter of the communication hole. Since the distance 
between the electrode of the particle trap box and the 
electrode rod is larger than the diameter of the 
communication hole and narrow, the fine particles can be 
transferred into the particle trap box from the lower part 
of the cyclone portion and maintained there while preventing 
the fine particles from being scattered. Accordingly, the 
fine particles are efficiently trapped in the particle trap 
box. While there is no space for trapping the fine 
particles in the particle trap box when the distance is 
smaller than the diameter of the communication hole, such 
space can be ensured when the space is larger than the 
diameter of the communication hole. 

In a second aspect, the present invention provides a 
cyclone separator comprising: a cyclone portion for 
generating an eddy flow at a given flow rate by feeding a 
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fine particle-containing solution, transferring the fine 
particles to the outer side by a centrifugal force to issue 
the solution after separating the fine particles, and 
precipitating the separated fine particles by decelerating 
the eddy flow; and a particle trap box for trapping the 
precipitated fine particles in the cyclone portion through a 
communication hole. An electrode rod is disposed at the 
center of the particle trap box, and the electrode rod is 
charged with the same electric charge as that of the fine 
particles. The construction above permits the fine 
particles to be transferred from the center to the outer 
side in the particle trap box where the flow rate of the 
solution is small to permit the fine particles to adhere to 
the inner wall of the particle trap box, or to prevent the 
fine particles from being scattered. Consequently, the fine 
particles are efficiently trapped in the particle trap box. 

In a third aspect, the present invention provides a 
cyclone separator comprising: a cyclone portion for 
generating an eddy flow at a given flow rate by feeding a 
fine particle-containing solution, transferring the fine 
particles to the outer side by a centrifugal force to issue 
the solution after separating the fine particles, and 
precipitating the separated fine particles by decelerating 
the eddy flow; and a particle trap box for trapping the 
precipitated fine particles in the cyclone portion through a 
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communication hole. The electrode of the particle trap box 
is charged with an electric charge opposed to that of the 
electric charge of the fine particles. This construction 
also affords the same effect as described above. 

In a fourth aspect, the present invention provides a 
cyclone separator comprising: a cyclone portion for 
generating an eddy flow at a given flow rate by feeding a 
fine particle-containing solution, transferring the fine 
particles to the outer side by a centrifugal force to issue 
the solution after separating the fine particles, and 
precipitating the separated fine particles by decelerating 
the eddy flow; and a particle trap box for trapping the 
precipitated fine particles in the cyclone portion through a 
communication hole. An electrode rod is disposed at the 
center of the particle trap box, the electrode rod is 
charged with the same electric charge as that of the fine 
particles, and the electrode of the particle trap box is 
charged with an electric charge opposed to that of the fine 
particles. This construction also affords the same effect 
as described above . 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic drawing of the fine particle 
separation treatment system; 

Fig. 2 is a schematic drawing of the fine particle 



separation treatment system in another embodiment; 

Fig. 3 is a cross -section of the cyclone separator; 

Fig. 4 is a plane view of the cyclone separator; 

Fig. 5 is a cross -section of another cyclone separator 

Fig. 6 is a cross -section of a different cyclone 
separator; 

Figs. 7A to 7D show cyclone separators in examples of 
the present invention and in comparative examples; 

Fig. 8 is a numerical expression of the purity of the 
fine particles; 

Figs . 9A to 9H show circle graphs of the purity of the 
fine particles; and 

Fig. 10 shows the effect of the potential applied on 
the particle trap box on the separation performance. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

While embodiments of the fine particle separation 
treatment system of the present invention are described 
hereinafter, the present invention is not restricted to 
these embodiments. While the embodiments of the present 
invention show the best mode for carrying out the present 
invention, the terms in the present invention are not 
restricted thereto. 

The fine particle separation treatment system in the 
embodiments is able to selectively afford high purity fine 
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particles for separating specified fine particles in a 
solution in the production processes of pharmaceuticals, 
chemicals , semiconductors and functional materials . The 
system can also be used for removing impurity ions in a 
solution . 

An example of the fine particle separation treatment 
system in this embodiment is shown in Fig. 1, which is a 
schematic drawing of the fine particle separation treatment 
system. The fine particle separation treatment system 100 
comprises a storage tank 101 for storing a solution, a 
solution circulating passageway 102 for circulating the 
solution in the storage tank 101, and a cyclone separator 1 
disposed in the solution circulating passageway 102 for 
separating fine particles in the solution. The solution 
circulating passageway 102 comprises a circulation pump 103 
for circulating the solution. 

The cyclone separator 1 comprises an inlet passageway 5 
communicating with a solution outlet side of the storage 
tank 101, a flow-out passageway 4 communicating with a 
solution inlet side of the storage tank 101, a cyclone 
portion 2 for generating an eddy flow at a given flow rate 
by feeding a fine particle-containing solution from the 
inlet passageway, transferring the fine particles to the 
outer side by a centrifugal force to issue the solution 
after separating the fine particles from the flow-out 
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passageway 4, and precipitating the separated fine particles 
by decelerating the eddy flow, and a fine particle trap box 
3 for trapping the precipitated fine particles in the 
cyclone portion 2 through a communication hole. 

An electrode bar 10 is disposed at the center of the 
fine particle trap box 3, and the fine particles are 
electrically trapped by applying a potential between the 
electrode bar 10 and an electrode 11 of the fine particle 
trap box 3. In the fine particle separator (cyclone 
separator) 1, the fine particles separated in the cyclone 
portion 2 by decelerating the eddy flow are precipitated, 
and the fine particles precipitated in the cyclone portion 2 
are collected in the particle trap box 3 through the 
communication hole. The electrode rod 10 positioned at the 
center of the particle trap box 3 is charged with the same 
electric charge as that of the fine particles, and the 
electrode 11 of the particle trap box 3 is charged with an 
electric charge opposed to that of the fine particles. 
Consequently, impurity ions in the solution, which migrate 
by electrophoresis due to an electric field, adhere to the 
electrode 11 of the particle trap box 3 having a large 
surface area to lessen the amount of adhesion of the ions on 
the surface of the fine particles. Accordingly, high purity 
fine particles or a high purity solution may be obtained 
using a simple structure system with a low processing cost. 



Alternatively, the electrode rod 10 disposed at the 
center of the particle trap box 3 is charged with an 
electric charge opposed to that of the fine particles, and 
the electrode 11 of the particle trap box 3 is charged with 
the same electric charge as that of the fine particles to 
permit the impurity ions in the solution, which migrate by 
electrophoresis due to an electric field, to adhere to the 
electrode bar 10. The electrode rod 10 can be readily 
exchanged or cleaned in this case. 

Another example of the embodiment of the fine particle 
separation treatment system is shown in Fig. 2 as a 
schematic drawing. The fine particle separation treatment 
system 100 in this embodiment comprises a storage tank 101 
for storing a solution, a solution circulation passageway 
102 for circulating the solution in the storage tank 101, a 
cyclone separator 1 disposed in the solution circulation 
passageway 102 for removing impurities in the solution, and 
various devices 110. The cyclone separator 1 is constructed 
as shown in Fig. 1. While the various devices 110 include 
an electric spark machine that is operated or works using 
the solution, a high purity solution may be used for the 
electric spark machine by providing the cyclone separator 1 . 

The construction of the cyclone separator 1 will be 
described with reference to Figs. 3 and 4. Fig. 3 shows a 
cross -section of the cyclone separator, while Fig. 4 shows a 
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plane view thereof. The cyclone separator 1 in this 
embodiment comprises a cyclone portion 2 and a particle trap 
box 3 aligned in a vertical direction. The cyclone portion 
2 is formed of an insulating material or a conductive metal 
such as SUS. A flow-out passageway 4 is provided at the 
center of the axis at the upper part of the cyclone portion 
2, and an inlet passageway 5 is provided at a position that 
deviates from the center of the axis. The flow-out 
passageway 4 is formed of a pipe 6 penetrating through the 
top of the cyclone portion 2 # and the inlet passageway 5 is 
formed of a pipe 7 integrated with the upper part of the 
cyclone portion 2 . 

The cyclone portion 2 comprises two stages of tapered 
parts 2al and 2a2, and the lower tapered part 2a2 
communicates with the particle trap box 3 through a 
communication hole 8. An eddy flow is formed at a given 
flow rate by feeding a solution containing fine particles 90 
from the inlet passageway 5 of the cyclone portion 2, and 
the fine particles 90 are transferred to the outer side by 
applying a centrifugal force to issue the solution after 
separating the fine particles 90 from the flow-out 
passageway 4. The separated fine particles 90 are 
precipitated by decelerating the eddy flow. 

The separated fine particles 90 precipitating in the 
cyclone portion 2 fall down into the particle trap box 3 
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though a communication hole 8 and accumulated in the 
particle trap box 3. A drain valve 9 is connected to a 
lower part drain port 3a of the particle trap box 3, and the 
fine particles 90 that have accumulated in the particle trap 
box 3 are drained through the drain valve 9 . 

An electrode rod 10 is disposed at the center of the 
particle trap box 3 in the cyclone separator 1 of this 
embodiment, and the electrode rod 10 is elongated upwardly 
from a lower part cover 3b of the particle trap box 3 so as 
to abut the communication hole 8. The lower part cover 3b 
of the particle trap box 3 is attached to a particle tap 
cylinder 3c, which is attached to the lower part of the 
cyclone portion 2. The particle trap cylinder 3c is made of 
an insulating material such as a resin, and a metal ring 
electrode 11 is provided within the particle trap cylinder 
3c. 

A voltage impression device 12 charges the electrode 
bar 10 with the same electric charge as that of the fine 
particles 90, and the electrode 11 of the particle trap box 
3 is charged with an electric charge opposed to that of the 
fine particles 90. Since the fine particles 90 contained in 
the solution are negatively charged by an electrostatic 
charge generated during the treatment, the electrode bar 10 
as a negative electrode is negatively charged by applying a 
negative potential, and the electrode 11 of the particle 
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trap box 3 as a positive electrode is positively charged by 
applying a positive potential. 

The cyclone portion 2 has a downwardly tapered portion 
2a2 connected to the upper part of the cylinder 2c, and the 
length LI of the electrode bar 10 is made so as to be larger 
than the diameter Dl of the cylinder part 2c. Determining 
the length LI of the electrode bar 10 as described above 
permits the electric charge of the electrode bar 10 to be 
increased to allow the fine particles to be transferred from 
the lower part of the cyclone portion 2 to the particle trap 
box 3. Moreover, the fine particles 90 are prevented from 
being scattered enabling the fine particles 90 to be 
efficiently trapped in the particle trap box 3. 

The distance D2 between the electrode 11 of the 
particle trap box 3 and the electrode bar 10 is larger than 
the diameter D3 of the communication hole 8. When the 
distance D2 between the electrode 11 of the particle trap 
box 3 and the electrode bar 10 is small, the fine particles 
90 are prevented from being scattered by being maintained in 
the particle trap box 3 by after being transferred from the 
lower part of the cyclone portion 2 into the particle trap 
box 3. Accordingly, the fine particles 90 are efficiently 
trapped in the particle trap box 3. While there remains no 
space for trapping the fine particles 90 in the particle 
trap box 3 when the distance D2 is smaller than the diameter 
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D3 of the communication hole 8, the space for trapping the 
fine particles 90 can be ensured by increasing the distance 
D2 so as to be larger than the diameter D3 of the 
communication hole 8 . 

The separated fine particles 90 that precipitate in the 
cyclone portion 2 fall down into the particle trap box 3 
through the communication hole 8 and accumulate there in the 
cyclone separator 1 in this embodiment. The fine particles 
90 tend to float in the vicinity of the center of the 
particle trap box 3 where the flow rate of the solution is 
small. However, the fine particles 90 can be transferred 
from the center to the outer side by disposing the electrode 
bar 10 at the center of the particle trap box 3, by charging 
the electrode bar 10 with the same electric charge as that 
of the fine particles 90 , and by charging the metal ring 
electrode 11 of the particle trap box 3 with an electric 
charge opposed to that of the fine particles 90. The fine 
particles 90 adhere to the inner wall of the metal ring 
electrode 11 of the particle trap box 3, or are prevented 
from being scattered, enabling the fine particles 90 to be 
efficiently trapped in the particle trap box 3. 

The impurity ions in the solution, which are migrated 
by electrophoresis due to an electric field, adhere to the 
electrode 11 of the particle trap box 3 having a large 
surface area, to lessen the amount of adhesion of the ions 



s 



- 16 - 

on the surface of the fine particles. Accordingly, high 
purity fine particles or a high purity solution may be 
obtained using a simple structure system with a low 
processing cost. While the electrode bar 10 is charged with 
the same electric charge as that of the fine particles 90 
while the particle trap box 3 is charged with an electric 
charge opposed to that of the fine particles in this 
embodiment, at least one of the electrodes may be charged. 

Fig. 5 shows a cross -section of an example of the 
cyclone separator in another embodiment . The same 
construction elements of the cyclone separator 1 in this 
embodiment as those in Figs . 3 and 4 are given the same 
reference numerals, and descriptions thereof are omitted. 

A top end 10a of the electrode bar 10 is elongated to 
the lower part of the cyclone portion 2 in the cyclone 
separator 1 in this embodiment. Elongating the top end 10a 
of the electrode bar 10 to the lower part of the cyclone 
portion 2 permits the fine particles 90 distributed from the 
lower part of the cyclone portion, where the flow rate of 
the solution is small, to the particle trap box 3 to be 
transferred from the center to the outer side. The fine 
particles 90 adhere to the inner wall at the lower part of 
the cyclone portion 2 and on the inner wall of the particle 
trap box 3, or the fine particles are prevented from being 
scattered. Consequently, the fine particles 90 are 
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efficiently trapped in the particle trap box 3. 

Fig. 6 shows a cross -section of an example of the 
cyclone separator in another embodiment. The same 
construction elements of the cyclone separator 1 in this 
embodiment as those in Figs. 3 and 4 are given the same 
reference numerals, and descriptions thereof are omitted. 

A conical electrode 13 is provided at the top end of 
the electrode bar 10 in the cyclone separator 1 in this 
embodiment, and the conical electrode 13 is positioned so as 
to face the communication hole 8. The fine particles 90 
precipitated within the particle trap box 3 are prevented 
from floating through the communication hole 8 by the 
conical electrode 13. 
[ Example ] 

Adhesion of silica particles was tested using: the 
cyclone separator (Fig. 7A) having no electrodes as shown in 
Figs. 3 and 4; the cyclone separator (Fig. 7B) as shown in 
Figs. 1 and 2; the cyclone separator (Fig. 7C) as shown in 
Fig. 5; and the cyclone separator (Fig. 7D) as shown in Fig. 
6. A dispersion solution of silica particles in ion- 
exchange water was used as a sample. 

The results of measurements are shown in Figs. 8 and 9. 
Compositions of crude powders (silica powder before 
separation with the cyclone separator) and separated fine 
powders relative to the proportion of silicon (Si: 100%) in 
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a silicon dioxide powder as a starting material are shown in 
Fig. 8, wherein the powders were subjected to separation 
treatments using the cyclone separator having (a) no 
electrode as shown in Fig. 7A, (b) the standard electrode 
shown in Fig. 7B with an applied voltage of 50 V, (c) the 
elongated electrode shown in Fig. 7C with an applied voltage 
of 50 V, and (d) the conical electrode shown in Fig. 7D with 
an applied voltage of 50V. Figs. 9A to 9H show circle 
graphs representing respective data in Fig. 8. 

While the crude powder comprises 100% of Si (Fig. 9A) , 
the separated fine powder comprises 99.348% of Si with a 
balance of adhered impurities such as calcium (Ca), iron 
(Fe), nickel (Ni) , zinc (Zn) and zirconium (Zr) as shown in 
Fig. 9B when the cyclone separator having no electrode shown 
in Fig. 7A was used, showing that the impurities had 
evidently adhered to the separated fine powder. 

While the crude powder comprises 99.8% of Si with 
adhered Fe and Ni (Fig. 9C), the separated fine powder 
comprises 99.901% of Si with a small proportion of adhered 
Fe (Fig. 9D) when the cyclone separator having the standard 
electrode (Fig. 7B) was used with an applied voltage of 50 V. 
The results show that there is no large difference in the Si 
content between the separated fine powder and crude powder, 
and substantially no impurities had adhere to the fine 
powder . 
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The proportion of Si was 100% in both the crude powder 
and fine powder (Figs. 9E and 9F) when the cyclone separator 
having the elongated electrode (Fig. 7C) was used with an 
applied voltage of 50 V. 

While the crude powder comprises 99.885% of Si with 
adhered Fe and Ni (Fig. 9G) , the separated fine powder 
comprises 99.969% of Si with a small proportion of adhered 
Zr (Fig. 9H) when the cyclone separator having the conical 
electrode (Fig. 7D) was used with an applied voltage of 50 V. 
There is no substantial difference in the purity between the 
crude powder and fine powder. 

The separation efficiency of silica particles in the 
sample powder was measured. The results are shown in Fig. 
10. The measuring condition of the data in Fig. 10 was as 
follows : 

Sample powder: silica particles 
Dispersant: ion-exchange solution 
Temperature (T) of dispersant: 34° C 
Flow rate (Q) of dispersant: 420 liter/h 

Concentration (Cp) of the sample in the dispersant: 0.2 
weight % 

Differential pressure (AP) between the inlet and 
outlet: 0.2 Kg/m 2 
pH: 7 

The results of measurements in Fig. 8 and Figs. 9A to 
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9H show that fine particles having a smaller diameter in the 
dispersant could be separated with better separation 
efficiency by using the cyclone separators shown in Fig. 7B 
having the same structure as in Figs. 3 and 4, the cyclone 
separators shown in Fig. 7C having the same structure as in 
Fig. 5, and the cyclone separators shown in Fig. 7D having 
the same structure as in Fig. 6, than using the cyclone 
separator shown in Fig. 7A having the same structure as in 
Figs. 3 and 4 having no electrode. Particularly, preferable 
results could be obtained by using the cyclone separator 
shown in Fig. 7D having the structure in Fig. 6, since fine 
particles in the dispersant having a small diameter could be 
separated with particularly improved separation efficiency. 



